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Abstract 

Background: We evaluated the role of 18 FDG PET/CT used to assess response to preoperative chemotherapy in 
patients with primary craniofacial bone sarcomas. 

Methods: Fourteen patients with craniofacial bone sarcomas (13 osteosarcoma, 1 spindle cell sarcoma) were 
retrospectively evaluated. All patients received up to 6 cycles of preoperative chemotherapy followed by resection 
of the primary tumour. Response to treatment was assessed using MRI (RECIST criteria) and 18 FDG PET/CT (EORTC 
guidelines), performed at least at baseline, after 2-4 cycles and pre-operatively. 

Results: The median baseline 18 FDG PET/CT SUV was 10.2 (range 0-41); in 2 patients no uptake was detected. The 
preoperative 18 FDG PET/CT, compared with the baseline, demonstrated a partial metabolic response in 7 patients 
(59%), complete metabolic response in 2 (16%) and stable metabolic disease in 3 (25%). In contrast, only two patients 
achieved a RECIST response on MRI: 10 (83%) had stable disease. One patient underwent early resection due to clinical 
progression after an initial response to treatment. This was confirmed by PET (SUV from 21 to 42) but not on MRI. 
Twelve of 14 patients (86%) had <90% histological necrosis in the resected tumour. At a median follow-up 23 months, 
1 1 patients (79%) remain disease free, two had metastatic progression (14%) and 1 a local relapse (7%). The median 
DFS was 1 7 months. For those patients who achieved a response to preoperative 18 FDG PET/CT the median DFS was 
19 months (range: 1-66) compared with 3 months (range: 3-13) in those who did not (p = 0.01). In contrast, the median 
disease free survival (DFS) did not differ according to histological response (19 versus 1 7 months, >90% versus <90% 
necrosis, p = 0.45) or resection margins (19 months for RO versus 18 months for R1, p = 0.2). 

Conclusion: 18 FDG PET/CT is more reliable than standard imaging in evaluating response to neo-adjuvant chemotherapy 
in craniofacial bone sarcomas, changed management in one patient, and in this small series, correlated better with patient 
outcome than histological response and resection margins. These results warrant prospective validation in a larger cohort 
of patients. 
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Background 

Primary craniofacial bone sarcomas (CBS) are a group of 
rare tumours, accounting for less than 10% of all bone 
sarcomas and less than 1% of primary head and neck 
malignancies. They are usually diagnosed in older popu- 
lation than that affected by extremity bone sarcoma, 
with a median age at the time of diagnosis of 30 to 40 
years, and a male to female ratio of around 1.7:1 [1-3]. 
Conventional osteosarcoma is the most represented his- 
tological subtype, most commonly the chondroblastic 
variant, and the vast majority arise from the mandible 
and maxilla. 

At present a consensus about the optimal manage- 
ment of CBS does not exist, although patients are usu- 
ally managed with a multimodal approach. Standard 
therapy in patients with extremity osteosarcoma is 2 
cycles of neoadjuvant chemotherapy followed by 4 
further cycles given post-operatively. Due to the com- 
plexity and morbidity of surgery, patients with CBS 
treated within the London Sarcoma Service, in line 
with other centres, receive all 6 cycles of chemotherapy 
pre-operatively where possible [4-6]. Radiotherapy is 
given post-operatively if surgical margins are involved 
and a further resection is not possible [4-6]. Current 
available evidence suggests that negative surgical mar- 
gins are the strongest predictor of survival for this dis- 
ease and, unlike extremity osteosarcoma, the role of 
histological necrosis after preoperative chemotherapy 
is still to be determined [7]. 

In this context, the on-going radiological assessment 
of the response to neo-adjuvant chemotherapy is of 
paramount importance. To date, standard magnetic res- 
onance imaging (MRI) scanning remains the gold stand- 
ard modality used to determine the morphological 
features of the tumour, assess its extent to plan surgery 
and it is also routinely used to evaluate response to pre- 
operative treatment according to RECIST criteria. How- 
ever, there is evidence to suggest that it does not allow 
an accurate discrimination between responders and non- 
responders [8,9]. Previous studies evaluating the role of 
[F-18]-fluorodeoxy-D-glucose positron emission tomog- 
raphy ( 18 FDG PET/CT) in predicting chemotherapy re- 
sponse in bone sarcoma of the extremity have shown 
promising results. In this setting, FDG PET/CT has 
been proven to be feasible, more reliable than MRI scan 
in the response assessment and more accurate than MRI 
in predicting histological necrosis [10]. 

The aim of this retrospective study was to determine 
the value of 18 FDG PET/CT compared with standard 
MRI scan in assessing the response to preoperative 
chemotherapy and determining management in patients 
with primary CBS. We also aimed to assess a possible 
predictive role of FDG PET/CT response and its 
correlation with histological necrosis. 



Methods 

Patients 

Fourteen consecutive patients with primary CBS treated 
at University College London Hospital, London Sarcoma 
Service, between January 2005 and December 2011, were 
included in this retrospective study. All patients received 
up to 6 cycles of standard preoperative chemotherapy 
followed by the resection of the primary tumour. The 
chemotherapy regimens used in the current study in- 
cluded MAP (methotrexate 12 g/m , doxorubicin 75 mg/ 
m 2 , cisplatin 120 mg/m 2 ) for fit patients under 40 years of 
age or AP regimen (doxorubicin 75 mg/ m 2 , cisplatin 
100 mg/m ). This study was undertaken in accordance 
with the NHS Research Ethics Service Guidance and NHS 
Health Research Authority policies regarding use of anon- 
ymised patient data [11,12]. 

Imaging assessment and evaluation of response 

All patients had an MRI scan of the primary tumour and 
18 FDG PET/CT at diagnosis. Staging was completed with 
a dedicated CT of the chest and technetium bone scan. 
Response to treatment was assessed using both MRI 
scan and 18 FDG PET/CT, performed after 2 to 4 cycles 
of treatment and pre-operatively. 

The 18 FDG PET/CT response was assessed according 
to EORTC guidelines [13]. Progressive metabolic disease 
(PMD) was defined by an increase in tumour standard 
uptake value (SUV) greater than 25% or the appearance 
of new uptake foci; stable metabolic disease (SMD) was 
be classified as an increase in tumour SUV of less than 
25% or a decrease of less than 15%; partial metabolic 
response (PMR) was be classified as a reduction of a mini- 
mum of 15-25% in tumour SUV after one cycle of chemo- 
therapy, and greater than 25% after more than one 
treatment cycle. Complete metabolic response (CMR) was 
defined by complete resolution of FDG uptake within the 
tumour volume. 

The MRI response was evaluated according to RECIST 
1.1 criteria [14]. The disappearance of all target lesions 
was considered a complete response (CR) while partial 
response (PR) was defined as a decrease in the sum of 
diameters of target lesions of at least a 30%, taking as 
reference the baseline sum diameters. Progressive dis- 
ease (PD) was defined as the appearance of one or more 
new lesions or an increase in the sum of diameters of 
target lesions of at least a 20%, taking as reference the 
smallest sum on study; in addition to the relative in- 
crease of 20%, the sum must also demonstrate an abso- 
lute increase of at least 5 mm. Neither sufficient 
shrinkage to qualify for PR nor sufficient increase to 
qualify for PD was considered as stable disease (SD). 

The resection specimen was examined by two inde- 
pendent pathologists. Response to the chemotherapy 
was assessed in terms of percentage of necrosis (greater 
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or less than 90%). Status of resection margins was classi- 
fied as negative (RO) and positive (Rl) or close (<1 mm). 

Statistical analysis 

Disease free survival (DFS) was calculated as the period 
from surgery to the first evidence of disease progression. 
Descriptive analysis was made using median values and 
range. Survival analysis was performed by Kaplan-Meier 
product-limit method and the differences in term of 
DFS according to 18 FDG PET/CT response or patho- 
logical response were evaluated by the log-rank test. 
SPSS software (version 17.00, SPSS, Chicago, ILQ5) was 
used for statistical analysis. A P value of less than 0.05 
was considered to indicate statistical significance. 

Results 

Patient population 

Patient characteristics are summarised in Table 1. The 
median age was 40 years (range: 22 to 63), 9 (64%) were 
male and 5 (36%) female, with a male to female ratio of 
1.8:1. Thirteen patients (93%) were affected by osteosar- 
coma, one (7%) osteoblastic, 10 (71%) chondroblastic and 
2 (15%) fibroblastic, while 1 patient (7%) was affected by a 
high grade spindle cell sarcoma. Two patients (15%) pre- 
sented with a radiotherapy induced osteosarcoma, with a 
median of 9 years (range: 6 to 12) interval from the previ- 
ous radiotherapy treatment. The primary site was man- 
dible in 9 (69%) patients and maxilla in 5 (31%). One 
patient had metastatic disease, with lung metastases only. 

Table 1 Patients characteristics 



Characteristic Patients (%) 



Median age (years) 


40 years (range: 22-63 ) 


Gender 




Male 


9 (64%) 


Female 


5 (36%) 


Histology 




Osteoblastic osteosarcoma 


1 (7%) 


Chondroblastic osteosarcoma 


10 (71%) 


Fibroblastic 


2 (15%) 


Others 


1 (7%) 


Radiation induced sarcoma 


2 (14%) 


Median time to previous radiotherapy (years) 


9 years (range: 6-1 2) 


Primary site 




Mandible 


9 (64%) 


Maxilla 


5 (36%) 


Preoperative chemotherapy regimen 




MAP 


9 (64%) 


AP 


5 (36%) 



MAP = methotrexate 12 g/m 2 , doxorubicin 75 mg/ m 2 cisplatin 120 mg/m 2 . 
AP = doxorubicin 75 mg/ m 2 , cisplatin 100 mg/m 2 . 



Nine (69%) patients received MAP chemotherapy whilst 
AP was used in 5 (31%). The median number of preopera- 
tive chemotherapy cycles was 6 (range: 2-6). 

Assessment of response to treatment 

The baseline 18 FDG PET/CT scan demonstrated increased 
uptake in 12 of 14 (86%) patients. The median baseline 
SUV max value was 10.2 (range: 4.5-41). After 2-4 cycles 
of chemotherapy, the median SUV max value was 4.5 
(range: 0-21). At the preoperative PET the median SUV 
max value was found to be 4.3 (range: 0-42) (Figure 1). 

Among the 12 patients with positive uptake at diagno- 
sis, 10 patients achieved a metabolic response to treat- 
ment after 2-4 cycles of chemotherapy; 8 (68%) achieved 
a PMR and 2 (16%) a CMR. Two patients (16%) had 
SMD and no PMD were recorded. The preoperative 
18 FDG PET/CT, compared with the baseline, demon- 
strated a PMR in 7 patients (59%), a CMR in 2 (16%) 
and SMD in 3 (25%). Two patients (17%) achieved a par- 
tial response on MRI according to RECIST criteria; 10 
patients (83%) had SD (Figure 2). MRI however, demon- 
strated changes in signal characteristics with decreased 
enhancement and T2 signal in 5 patients (36%) suggest- 
ive of tumour response and an increased T2 signal due 
to necrosis in 2 patients (16%), including the one who 
achieved a partial response. 

One patient initially had a partial response, demon- 
strated by both MRI scan and 18 FDG PET/CT (SUV 
max from 42 to 21) after four cycles of MAP. After cycle 
number 5, due to increasing pain, a new 18 FDG PET/ 
CT was performed which demonstrated progressive 
metabolic disease (SUV max from 21 to 41). The MRI 
however remained stable according to RECIST criteria. 
Based on the 18 FDG PET/CT result, the patient under- 
went early surgery (Figure 3). The baseline FDG PET/ 
CT scan did not show any uptake in 2 patients (14%). 
Therefore, response to preoperative chemotherapy was 
evaluated through MRI scan, which remained stable in 
both patients throughout the treatment. 

Pathological analysis demonstrated two patients had 
greater than 90% histological necrosis (14%). Both pa- 
tients achieved a PMR to the PET while were stable at 
MRI. Resection margins were found to be clear in 12 pa- 
tients (86%) and positive in 2 (14%). The first patient 
had a positive bone margin while in the second the buc- 
cal margin was involved. Both patients underwent a 
re-excision with clear margins. 

Outcome 

With a median follow-up of 23 months, 11 patients 
(79%) remain disease free. One patient (7%) had meta- 
bolic progression of the primary tumour after 5 cycles of 
MAP, underwent early surgery (necrosis < 90%, clear mar- 
gins) and experienced a local recurrence after 3 months. 
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Baseline After cycle 2/4 Preoperative 

Figure 1 Box and whiskers plot of median SUV max value at baseline, after 2-4 cycles of preoperative chemotherapy and 
preoperatively in 10 patients with positive PET scans at diagnosis. *2 represents the only outlier value (SUV max 42, 21, 41) 



Two patients had metastatic progression (14%) with lung 
and lung and pancreatic metastases respectively at 3 and 
15 months after completing therapy. None of the three pa- 
tients who relapsed had positive margins at resection. 

Median disease free survival (DFS) was 17 months 
(range: 1-66). The median DFS in those patients who 
achieved an overall PET response (preoperative compared 
with baseline) was 19 months (range: 1-66) compared with 
3 months in those who did not (range: 3-13; p = 0.01). 



Conversely, the median DFS did not differ according to 
histological response: 19 months for patients with a 
histological necrosis greater than 90% (range: 13-25) and 
17 months (range: 1-66) for those with <90% (p = 0.45). 
Resection margins were also found not to correlate with 
survival (19 months for R0 versus 18 months for Rl, 
p = 0.2) and none of the 2 patients with positive resec- 
tion margins developed recurrent disease. Kaplan Meier 
survival analysis is demonstrated in Figure 4. The two 
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Figure 2 Assessment of response to preoperative chemotherapy; determined by 18 FDG PET/CT and MRI scanning. PET/CT response was 
assessed according to EORTC guidelines, SMD = 2, PMR = 8, CMR = 2 after 2-4 cycles; SMD = 3, PMR = 7, CMR = 2 preoperatively. MRI was assessed 
according to RECIST criteria, SD = 10, PR = 2 both after 2-4 cycles and preoperatively. 
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Figure 3 The value of 18 FDG PET/CT value in determining the management of a patient with craniofacial bone sarcoma. The initial 
response to treatment, after four cycles of MAP chemotherapy, is documented by both MRI (A versus B) and ,3 FDG PET/CT (D versus E). At the 
subsequent restaging, performed early due to worsening pain, the MRI scan (C) continued to demonstrate stable disease while the 18 FDG PET/CT 
demonstrated overt disease progression with an increase in SUV from 21 to 42 (F). 



A Histological necrosis 



B Surgical margins 
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Median DFS: 19 versus 17 months Median DFS: 19 versus 18 months Median DFS: 19 versus 3 months 

Figure 4 Disease-free survival in patients with craniofacial bone sarcomas. Kaplan Meier curves demonstrating disease-free survival in 
patients with craniofacial cone sarcomas according to histological necrosis (A), status of resection margins (B) and preoperative 18 FDG PET/CT 
(C) response. 
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patients with no baseline FDG PET/CT uptake at the pri- 
mary site underwent surgery with clear margins and < 90% 
necrosis in both cases. DFS was 29 and 12 months respect- 
ively and both patients are alive and disease free. 

Discussion 

This is the first report demonstrating the value of 18 FDG 
PET/CT in assessing the response to preoperative 
chemotherapy in patients with craniofacial bone sarco- 
mas. In this setting, due to the complexity and morbidity 
of surgery, all chemotherapy is given pre-operatively 
where possible and therefore ongoing assessment of 
response to therapy is important. In this small retro- 
spective study, 18 FDG PET/CT appears superior to the 
standard imaging modality, MRI in distinguishing re- 
sponders from non responders. In 10 (86%) of 12 patients, 
MRI scans performed after 2-4 cycles and pre-operatively 
demonstrated stable disease according to RECIST criteria. 
A proportion of patients did have changes in signal char- 
acteristics that may be indicative of response, such as focal 
non-enhancing areas that demonstrate increased T2 signal 
in keeping with necrosis and decreased enhancement and 
T2 signal suggestive of fibrosis. However, these criteria are 
not standardised. In contrast, the preoperative 18 FDG 
PET/CT identified a metabolic response in 9 patients 
(CMR in 7 patients, 16%, PMR in 2, 59%) and SMD in 3 
patients (25%). The ability to quantify responses identified 
by the 18 FDG PET/CT is extremely useful in guiding the 
clinician through the patient's treatment and in selecting 
the optimal timing of resection. The impact of 18 FDG 
PET/CT in the management of CBS patients is exem- 
plified by the clinical case represented in Figure 4, where 
disease stability demonstrated by the MRI scan may have 
led to the continuation of chemotherapy while the striking 
increase in the SUV detected by the 18 FDG PET/CT 
determined the decision for early surgery. 

MRI plays an important role in the management of 
bone sarcoma. It is the optimal imaging modality to de- 
fine the extent of the lesion within the bone as well as 
within the soft tissues, to detect skip metastases and to 
evaluate anatomic relationships with surrounding struc- 
tures [15]. These features make MRI the gold standard 
in the initial staging of this disease, particularly when 
the tumour occurs in complex anatomic regions such as 
head and neck. Furthermore, providing excellent soft- 
tissue contrast, MRI is also essential for planning of sur- 
gical resection margins [16,17]. 

MRI has also been used routinely in the assessment of 
the response to preoperative chemotherapy, which is of 
paramount importance in the management of patients 
with CBS, who receive all the chemotherapy preo- 
peratively where possible. However, the evaluation of 
changes in size according to RECIST criteria is not reli- 
able in distinguishing response from non response; in a 



recent analysis of patients with bone sarcomas compared 
to histological response, MRI demonstrated a sensitivity 
of 81%, specificity of 68%, and an accuracy of 75% [8]. 
To overcome these limitations, the potential value of 
other imaging techniques, including diffusion-weighted 
(DW-MR) and dynamic contrast enhanced (DCE-MR) 
MRI and 18 FDG PET/CT, that assess tumour cellularity 
and vascularity are being assessed [18,19]. 

18 FDG PET/CT is a non-invasive functional imaging 
modality that can detect changes in tissue metabolism 
usually preceding structural ones and which may more 
accurately identify viable residual tumor [9,10]. Previous 
prospective studies conducted in extremity osteosar- 
coma clearly demonstrated the feasibility of 18 FDG PET/ 
CT in this setting and its superiority to standard MRI in 
predicting histological response to preoperative chemo- 
therapy [10,20]. Furthermore, a large series reported by 
Hawkins et al. assessed the potential prognostic value of 

FDG PET/CT response [21]. That study, which prospect- 
ively evaluated 40 patients with extremity osteosarcoma, 
demonstrated that a low SUV value after completion of 
neoadjuvant chemotherapy strongly correlated with PFS 
(P = 0.021). In particular, the 4-year PFS was reported to be 
73% for those patients whose preoperative SUV was < 2.5 
compared with 39% for those with a SUV > 2.5. Similar 
data have also been previously reported by the same group 
regarding the prognostic role of 18 FDG PET/CT response 
to preoperative chemotherapy in Ewing sarcoma [22]. Des- 
pite these results, no data are available examining the use 
of 18 FDG PET/CT in CBS, and the possible role of func- 
tional imaging in determining the management of these 
patients has been poorly investigated. 

The survival analysis in this group of patients dem- 
onstrated an encouraging outcome, with a median DFS 
of 17 months and 79% of patients remain disease free 
after a median follow up of 23 months. This is in line 
with recent analyses of outcome in this group of 
patients treated with multimodality therapy [23] . Interest- 
ingly, although a trend to greater disease free survival 
was observed in patients with complete resections and 
greater than 90% histological necrosis after preopera- 
tive chemotherapy, in this small group of patients the 
difference was not found to be significant (p = 0.2 and 
p = 0.45 respectively). These results suggest that the 
predictive role of histological necrosis, which is well 
established for extremity bone sarcoma after 2 cycles of 
therapy, may not be of equal value for CBS [24]. Con- 
versely, preoperative PET response predicted disease- 
free survival in CBS patients, with a median DFS of 19 
months in those patients achieving a FDG PET/CT 
response compared with 3 month in those who did not 
(p = 0.01). The value of these results is limited by the 
small sample size and the retrospective nature of the 
study. 
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Conclusions 

This small retrospective study demonstrated that standard 
MRI is inadequate in assessing response to preoperative 
chemotherapy in CBS patients. Conversely, the use of 
18 FDG PET/CT is feasible, reliable and is able to distinguish 
responders from non responders. In addition, in this group 
of patients, 18 FDG PET/CT response demonstrated a 
greater correlation with outcome than resection margins or 
histological response to treatment. Validation in a prospect- 
ive study with a larger cohort of patients is warranted. 
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